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 We performed a multilevel meta-analytic review, complemented with both sensitivity 
analysis and robust variance estimation (RVE) method, to systematically assess the 
effects of working memory training on healthy older adults.  
 We found small significant gains on verbal and visuospatial working memory, however 
the effects were maintained at follow-up only for verbal working memory. 
 Far-transfer effects were not verified, except for the studies whose Cattell Test was used 
to assess reasoning. 
 The effects of working memory training were moderated by the adopted measures, type 
of training, training length and duration, and baseline performance. 
 Moderator analysis did not show the influence of type of control group (active versus 















The objective of this meta-analytic review was to systematically assess the effects of working 
memory training on healthy older adults. We identified 552 entries, of which 27 experiments 
met our inclusion criteria. The final database included 1130 participants. Near- and far-transfer 
effects were analysed with measures of short-term memory, working memory, and reasoning. 
Small significant and long-lasting transfer gains were observed in working memory tasks. 
Effects on reasoning was very small and only marginally significant. The effects of working 
memory training on both near and far transfer in older adults were moderated by the type of 
training tasks; the adopted outcome measures; the training duration; and the total number of 
training hours. In this review we provide an updated review of the literature in the field by 
carrying out a robust multi-level meta-analysis focused exclusively on WMT in healthy older 
adults. Recommendations for future research are suggested. 
 
Keywords: meta-analysis; working memory training; cognitive plasticity; training transfer; 
healthy older adults; healthy ageing. 
 
Introduction 
Ageing of the world population is a major public health concern that has captured the 
attention of the general public. Overall, more than 962 million people were over the age of 60 
in 2017. It is estimated that this number will more than double to 2.1 billion people by the 
year 2050 (United Nations, Department of Economic and Social Affairs, 2017). Specifically, 
it is estimated that the population of people over the age of 80 will triple by the year 2050, 
increasing from 137 million to 425 million (United Nations, Department of Economic and 
Social Affairs, 2017). Therefore, much effort has been made to promote optimal ageing to 
avoid both declines in cognitive functioning and dependence on others, which are factors 
associated with ageing. Specifically, much has been done to try to reverse age-related 













represents a significant attempt to improve the quality of life of older adults and to relieve the 
burden on medical care systems that has resulted from a substantial increase in the elderly 
population. Efforts to address the issue include non-pharmacological interventions, such as 
the Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE) trial (Ball et 
al., 2002, Ball et al., 2002; Rebok et al., 2014). The promising findings in the field 
encouraged researchers to further investigate the benefits of cognitive training in older people.  
Different cognitive training approaches are reported in the literature (Jolles and Crone, 
2012). They can be classified into two major categories: “strategy-based training” and 
“process-based approaches”. Strategy-based training consists of the development of specific 
adaptations and strategies, such as mnemonics, which can be used to ameliorate daily 
struggles (Lustig et al., 2009), whereas process-based approaches focus on the training of 
specific cognitive abilities (Clare and Woods, 2004). More specifically, core process-based 
training focuses on training central mechanisms with the purpose of producing more 
substantial effects in functions that depend upon this central processor and that share a 
common neural substrate (Morrison and Chein, 2011). Notably, working memory training 
(WMT) has emerged as a proxy for improving cognitive functions (Neely and Nyberg, 2015).  
Working memory (WM) refers to the components responsible for maintain temporally a 
limited amount of information in an available state to allow the processing of ongoing 
information (Cowan, 2017). WM performance declines markedly with ageing, and this has 
been associated with abnormalities on the frontoparietal networks involved in WM, as well as 
neuromodulatory (dopamine) and neuroanatomical alterations (Bäckman et al., 2017, 2010; 
Lubitz et al., 2017; Park and Reuter-Lorenz, 2009; Raz, 2005; Rottschy et al., 2012; 
Salthouse, 1990). This reduction in WM capacity in older adults, along with a decrease in 
processing speed, seem to underlie age-related cognitive decline (Braver and West, 2008), 
primarily because WM is associated with higher-order cognitive functions (Unsworth et al., 













prospective memory (Bisiacchi et al., 2008), processing speed (Diamond et al., 1999), 
attention (West, 1999), perceptual organization (Ko et al., 2014), and general language 
(Kemper et al., 2004). Therefore, given the decrease in WM performance with ageing and its 
putative role in higher-order cognitive functions, WMT has been studied extensively to 
enhance cognition in older adults, and positive effects of WMT on both cognition and neural 
plasticity have been found (Constantinidis and Klingberg, 2016; Karbach and Verhaeghen, 
2014). 
Experimental studies of WMT typically include an experimental group, whose members 
participate in a WMT, and a control group. The control group can be a no-contact control 
group (passive control group) or an active control group that completes a non-related activity 
or a low-level WMT. Participants in active control group are exposed to a training setting 
(i.e., number of sessions, contact with the experimenter, a style of intervention) that is similar 
to that of the experimental group, but they are not exposed to the experimental WM condition. 
This design with active control condition allows the researcher to control for effects that may 
result from social contact during the experiment or a participant´s expectations. However, 
participants from both groups (passive and active control groups) undergo the same testing 
before and after the intervention as the participants of the experimental groups. 
There is abundant literature on WMT (see app. table 4). They may include computerized 
tasks and can be visual, auditory or both visual and auditory. Trained tasks usually consist of 
complex or simple span tasks or updating tasks. In complex span tasks, participants must 
recall a sequence of stimuli, which is interleaved with a concurrent activity. In simple span 
tasks, participants must remember the sequence of stimuli in forward (fwd) or backward 
(bwd) order. Updating includes tasks in which participants hold specific content in memory, 
continually updating the information to be remembered and dropping information that is no 
longer needed. Training is usually adaptive, i.e., the task difficulty adjusts based on the 













Several studies have been designed to study the effects of WMT by comparing the pre- 
and posttest results of experimental and control groups immediately after training (posttest) 
and at a delayed post-training assessment (follow-up). Additionally, studies have investigated 
the transfer effects, i.e., whether training gains can be generalized to other tasks involving 
different cognitive abilities (e.g., Borella et al., 2010) such as fluid intelligence (Beatty et al., 
2015). Although there are no clear criteria to define transfer distance, most authors locate the 
generalization of the effects along a continuum of near to far transfer (Noack et al., 2009). 
Near transfer consists of an improvement on tasks that are like the trained task and that share 
the same mechanisms or components, while far transfer represents an improvement on tasks 
that measure abilities that are not like the abilities trained. Near-transfer effects are commonly 
observed (Borella et al., 2010; Li et al., 2008), although this is not always the case (Dahlin et 
al., 2008a). Results regarding far transfer are controversial with limited or no evidence 
(Borella et al., 2013).  
Previous narrative and systematic reviews have debated the potentialities and 
controversies of WMT (Constantinidis and Klingberg, 2016; Karbach and Verhaeghen, 2014; 
Lampit et al., 2014; Melby-Lerväg and Hulme, 2016, 2013; Morrison and Chein, 2011; 
Schwaighofer et al., 2015; von Bastian and Oberauer, 2013; Weicker et al., 2016), yet the 
results are inconclusive (see app. Table 1). Therefore, the current meta-analysis aims to 
contribute to this debate by examining the generalization of training effects to non-trained 
tasks (near and far transfer) (aim 1) and the maintenance of the effects over time (i.e., at 
follow-up) (aim 2) by using a meta-analysis approach that is different from the ones used in 
previous reviews.  
Additionally, previous meta-analyses (Karbach and Verhaeghen, 2014; Melby-Lerväg et 
al., 2016) and experimental studies (e.g., (Bürki et al., 2014; Stepankova et al., 2014; Zinke et 
al., 2014)) have suggested that variables such as type of control group (Melby-Lerväg et al., 













Bastian et al., 2013; Zając-Lamparska and Trempała, 2016; for works considering only 
older adults, see: Borella et al., 2017a; Zinke et al., 2014), education (Borella et al., 2017a), 
general cognitive ability (Borella et al., 2017a), baseline performance (Zinke et al., 2014, 
2011) and training dosage (Bürki et al., 2014; Lilienthal et al., 2013; Stepankova et al., 2014) 
might moderate training gains and transfer effects. For instance, in relation to the type of 
control group, a meta-analisys from Melby-Lervåg et al. (2016) reported that the type of 
control group predicted transfer effects. In particular, studies showed more significant effects 
when using a passive control group than when using an active control group. However, other 
meta-analitical studies (Karbach and Verhaeghen, 2014; Weicker et al., 2016) did not find 
influence of type of control group (active or passive) in transfer effects. Regarding the age, an 
experimental study performed by Borella et al. (2014) found transfer effects of a visuospatial 
WMT for measures of STM, WM, inhibition, processing speed, and reasoning only in young-
old adults but not in old-old adults. In accordance, together with an age-related difference in 
the transfer effects, Borella, Carbone, et al. (2017) also documented the role of age as an 
important moderator of the effects in WMT, although the results varied according to the type 
of transfer task. In addition, Zinke et al. (2014) evidenced that old-old participants had less 
gains than young-old participants, except for fluid intelligence in which the reverse pattern 
was verified. 
 Borella, Carbone, et al. (2017) have also shown that vocabulary and baseline 
performance influenced WMT. In this study participants with higher vocabulary scores and 
poor pretest performance benefited more from training, although this pattern was not the same 
in all outcomes (e.g., in fwd digit span, lower vocabulary score was related to more benefit in 
training). Moreover, participants with low levels of baseline performance in WM tasks were 
likely to benefit more from WMT (Zinke et al., 2014, 2011). Related to session 
length/duration, Jaeggi et al (2008) documented a significant growth in far transfer throughout 













20-day outperformed a 10-day training group in a visuospatial measure (Stepankova et al., 
2014), while a small positive significant moderator effect for small training dose in 
comparison to large training dose was observed in a meta-analysis (Melby-Lerväg et al., 
2016). 
Taken together, in the current study, we verified if the variables as type of control 
(active/passive), mean age of participants, total number of training hours, number of training 
sessions, training length in weeks, training type (single training - complex span, simple span, 
updating, or mixed training: more than one type of WM task), years of formal education, 
general cognitive ability (operationalized by vocabulary score), and baseline performance 
would moderate the training effect (aim 3). In addition, we also verified if the type of the 
outcome adopted (e.g., Cattell; Raven Advanced Progressive Matrix - RAPM; complex span)  
would moderate the transfer effect.  
Previous meta-analytical work merged the results of different age groups (Mansur-Alves 
and Silva, 2017; Melby-Lerväg et al., 2016; Melby-Lerväg and Hulme, 2013) or did not 
include older adults (Au et al., 2015). This review focuses on only older adults, as WM is 
markedly affected by ageing (Salthouse, 2000), and WMT is proposed as an innovative 
approach to counteract age-related cognitive declines (Constantinidis and Klingberg, 2016; 
Karbach and Verhaeghen, 2014). While merging different ages and conditions may yield 
sample heterogeneity, this practice can pose some problems for the internal and external 
validity of the findings (Rothwell, 2006). Additionally, to better isolate the effects of WMT, 
this meta-analysis addresses the specificity of the training delivered to the experimental 
groups by including studies whose experimental groups participated in trainings focused 
exclusively on WM and excluding studies whose experimental groups participated in 
trainings targeting cognitive functions other than WM. We also excluded papers whose active 
control groups participated in a non-adaptive WMT that remained always in a lower level of 













et al., 2018; Wayne et al., 2016), specific examples include: comparing an adaptive WMT 
with a WMT whose load (e.g., N = 2 or N = 3) is held constant throughout the training 
(Brehmer et al., 2011; Chan et al., 2015; Wayne et al., 2016); training both experimental and 
control groups with a recent-probe and an n-back task, with the experimental group receiving 
trials with higher proactive interference when compared to the control group (Loosli et al., 
2016); the participants performed a numerical memory updating task, however different 
groups were exposed to distinct rates of stimuli presentation (750 ms, 1500 ms or 3000 ms) 
(Shing et al., 2012).  Considering that our aim was to contrast WMT with a placebo training 
not related to WM (e.g., questionnaire, quiz, visual search) or a non-training condition, in the 
present review, the above-mentioned studies were not included in the analysis. The rationale 
behind this is the fact that even a low-level of WM performance activates similar brain areas 
as high-level of WM processing (Braver et al., 1997; Kawagoe et al., 2015; Ragland et al., 
2002). Since we do not have enough information to determine a suboptimal dosage of WMT 
that would work solely as placebo (Huitfeldt et al., 2001), comparing different loads of WMT 
could lead to less interpretable data as these WM tasks might produce similar effects. As a 
consequence, we would not be able to isolate gains that are due to WMT (ICH Harmonised 
Tripartite Guideline, 2000). In fact, as suggested by Brehmer and colleagues (2011), both 
adaptive WMT and training at low WM load might lead to neural changes. Additionally, 
although many researchers classify executive function tasks as WM we did not include 
training of executive functions, such as Stroop interference, verbal fluency or task switching. 
As claimed by Oberauer et al. (2018) in the Benchmarks for Models of Short Term and 
Working Memory, executive functions are framed under specific theories and models that are 
different from the WM literature. Furthermore, similar to previous meta-analysis (Karbach 
and Verhaeghen, 2014), we focused on healthy older adults, which represents the majority of 













preventive measure, instead of rehabilitation in non-normative aging as a remedial measure 
(Tkatch et al., 2016). 
Regarding the methods carried out in this meta-analysis, we employed robust analytical 
methods to address multiple outcomes (Moeyaert et al., 2017) rather than use the average of 
the outcomes (e.g., Karbach and Verhaeghen, 2014; Melby-Lervåg and Hulme, 2016). Robust 
approaches to address multiple outcomes and treatments are critical as they give unbiased 
parameter estimates, while the average method may bias the estimates of the standard errors 
(Moeyaert et al., 2017; Morris, 2008). Finally, a sensitivity analysis was performed to address 
the lack of data on correlations between pre- and post-training measures. These correlational 
data are necessary to calculate the variance of the effect size of intervention gains, which was 
not considered in previous meta-analyses (Mansur-Alves and Silva, 2017; Melby-Lerväg and 
Hulme, 2016, 2013; Schwaighofer et al., 2015). Finally, a descriptive analysis of the risk of 
bias was provided following the Cochrane recommendations (Higgins and Altman, 2008). 
Overall, considering these methodological issues and the fact that new papers have been 
published since the publication of the most recent meta-analysis, the current study offers an 
integrated and updated overview of WMT gains in healthy older adults in accordance with the 
Cochrane recommendations (Higgins and Green, 2008) that highlight the need to update 
reviews every two years. 
 
Methods 
We performed a systematic review following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines (PRISMA) (Moher et al., 2009). 
 
Data sources and eligibility criteria   
Five databases (Scopus, Pubmed, PsychINFO, Science Direct, and Scielo; the last was 
accessed through Web of Science) were searched on January 16, 2019. There were no time or 













adult”. The combinations of descriptors can be found in the supplementary material (see table 
A). Additionally, reference lists from six major reviews and one book chapter in the field 
were also searched (Karbach and Verhaeghen, 2014; Melby-Lerväg et al., 2016; Melby-
Lerväg and Hulme, 2016, 2013; Morrison and Chein, 2011; Noack et al., 2009; Shipstead et 
al., 2012). App Table 2 includes the inclusion/exclusion criteria, and app. Figure 1 provides a 
schematic representation of the steps adopted in the literature search. When there were 
insufficient data to proceed with effect size estimations, an email was sent to the authors 
requesting the relevant information. In cases in which a reply from the authors was not 
possible, we limited the inclusion of the study to the data provided. 
 
Data extraction  
Two authors selected articles based on the titles and abstracts, and duplicate records 
were manually removed. After the exclusion of irrelevant articles, two authors independently 
performed a full-text analysis to assess the eligibility of the articles for inclusion in the 
review. There was moderate Fleiss’ Kappa inter-rater reliability agreement between 
investigators in the full-text screening, including both included and excluded studies (k = 0.5) 
(Landis and Koch, 1977). Two reviewers independently assessed the risk of bias using the 
Cochrane Collaboration’s risk of bias tool (Higgins and Altman, 2008). Studies were 
classified as “high risk”, “low risk” or “unclear” in the following domains: randomization, 
concealment of allocation, blinding of participants, personnel and outcome assessment, 
attrition, and reporting bias. At any stage, disagreements between reviewers were solved with 
discussions or in consultation with a third reviewer. Statistical analyses were conducted using 
the R packages “metafor” (Viechtbauer, 2010), “forestplot” (Gordon and Lumley, 2016), 
“clubSandwich”, (Pustejovsky, 2017), and "metaLik" (Guolo and Varin, 2012) from R 













Two reviewers independently recorded the following information from each full-text 
article: scores, standard deviations of pre-and post-treatment assessments, number of 
participants per group, types of outcomes, predictor variables, and dropout rates. Completion 
rates (i.e., the percentage of participants who completed training programmes) were 
calculated for each group. When a trial had two control groups, an active and a passive, we 
analysed data from the active group, as it is suggested that this approach allows better control 
of expectancy effects, such as the Hawthorne effect (Wickstrom and Bendix, 2000). One 
exception was the study of Weicker et al. (2018), from which the passive control group was 
selected instead of the active control group, as the latter performed a fixed low-level WM task 
(see app table 2 for exclusion criteria).  
To assess near transfer effects, we divided outcomes in short-term memory (STM) and 
WM, as the majority of WM definitions recognize both passive storage and active processing 
as parts of WM (Cowan, 2017). Additionally, correlations within verbal or spatial domains 
are higher compared to correlations between domains (verbal/visuospatial) (Cowan, 2017; 
Oberauer et al., 2018). Accordingly, we divided WM outcomes in verbal and visuospatial 
categories. Reasoning was adopted as a far transfer outcome due to its strong relationship with 
WM and due to the fact that it is a commonly used measure in the field (Conway et al., 2003; 
Oberauer et al., 2008). Given that neuropsychological test outcomes varied across studies, 
they were grouped into broader domains to allow comparisons across studies. A description of 
each cognitive domain and the corresponding measures is available in app table 6 and app 
table 7 . A minimum of four articles was necessary to compose a category. For verbal WM, 
the outcomes were grouped into three categories: bwd simple span; complex span; updating. 
Visuospatial WM had only the bwd simple span category. For STM, only the category 
“simple span” was created. Reasoning outcomes were grouped according to the tests used to 
assess reasoning abilities (e.g., Cattell, Raven Standard Progressive Matrix – RSPM, RAPM, 















Effect sizes were calculated to estimate the transfer effect difference between WMT 
and control condition. The effect sizes of post-intervention and follow-up gains were 
calculated using Hedges’ g (Hedges, 1989). Since the design used in the individual studies of 
this meta-analysis have a pre- posttest control design, we followed the discussion presented 
by Morris (2008, p. 369) to calculate the effect sizes measures. More precisely, we used the 
standardized mean difference described in formula 5, which was originally defined by Becker 
(1988): 
𝑔 = 𝑐(𝑛𝐸−1 )
𝑀𝑝𝑜𝑠𝑡,𝐸  −  𝑀𝑝𝑟𝑒,𝐸
𝑆𝐷𝑝𝑟𝑒,𝐸
−  𝑐(𝑛𝐶−1 )
𝑀𝑝𝑜𝑠𝑡,𝐶  −  𝑀𝑝𝑟𝑒,𝐶
𝑆𝐷𝑝𝑟𝑒,𝐶
 , 
where 𝑀𝑝𝑟𝑒,𝐸 and 𝑀𝑝𝑜𝑠𝑡,𝐸 are the experimental group pretest and posttest means, 𝑆𝐷𝑝𝑟𝑒,𝐸 is 
the standard deviation of the pretest scores, 𝑐(𝑚) is a bias correction factor, 𝑛𝐸 is the size of 
the experimental group, and 𝑀𝑝𝑟𝑒,𝐶, 𝑀𝑝𝑜𝑠𝑡,𝐶, 𝑆𝐷𝑝𝑟𝑒,𝐶, and 𝑛𝐶  are analogous values for the 
control group. The bias correction factor is presented in formula 22 as described in Morris 







where Γ is the gamma function. The sampling variances were obtained through equation 13 of 
Becker (1988). All effect sizes and sampling variances were automatically computed using 
the R package “metafor”.  
 Unfortunately, accurate estimation of the effect size variance in this formula requires 
the correlation between pre- and posttest scores, which was not available for most of the 
studies. Therefore, as recommended by Borenstein (2009), a range of plausible correlations (r 
= 0.3, 0.5, 0.7) was considered, and a sensitivity analysis was conducted to ensure that the 
conclusions from the meta-analysis were robust. A table for the sensitivity analysis is 













In some studies, more than one measure for the same category was adopted within the 
same experiment (e.g., Cantarella et al., 2016 reported on two reasoning measures: Cattell and 
RSPM). In those cases, a multilevel model was adopted for handle multiple effect sizes from 
the same sample. Using a robust method for dealing with multiple outcomes, such as in the 
multilevel model or the RVE, is important to avoid bias in the estimates of the effects, 
standard errors and variances (Moeyaert et al., 2017; Morris, 2008). 
Considering that effect sizes from the same study are dependent on one another, a 
multivariate meta-analysis is recommended to model these dependencies (Harbord, 2011). 
Indeed, classic meta-analytic models assume independence among effect sizes. However, this 
assumption is not realistic with clustered data, such as multiple outcomes from the same 
study. Multilevel models allow for model dependencies due to clustering and are therefore 
recommended to account for non-independence in the observed outcomes. Classic meta-
analytic models can be considered 2-level models, with participants at level 1 and effect sizes 
at level 2, whereas multilevel models, also called 3-level models, include clusters at level 3.  
Multilevel modelling requires the input of the full variance-covariance matrix of all 
outcomes in all studies, which was impossible to obtain in this systematic review because 
authors did not report correlations between variables. To address this limitation, some 
alternative approaches have been proposed, such as multilevel meta-analysis (Cheung, 2013; 
Konstantopoulos, 2011; Van den Noortgate et al., 2013) and robust variance estimation 
(RVE) (Hedges et al., 2010; Tanner-Smith et al., 2016). In this work, we used multilevel 
modelling that was complemented with both a sensitivity analysis and the RVE method. 
Specifically, this procedure consisted of two main steps. First, a full sampling variance-
covariance matrix was imputed through the function “impute_covariance_matrix” from the 
“clubSandwich” package by selecting the studies to be the clusters, and the intra-experiments 
correlation 𝜌 to be 0.5. Second, the corresponding multilevel multivariate random-effects 













correlation matrices were used to allow random effects to be correlated and to have different 
variances for each outcome. To ensure robustness of the meta-analysis results, complementary 
analyses were performed through the RVE method and a sensitivity analysis with different 
correlations (𝜌 = 0.3, 0.5, 0.7). Robust results have been obtained through the function 
“coef_test” from the “clubSandwich” package, following the cluster robust estimator for 
multivariate/multilevel meta-analytic models described in Hedges et al. (2010). Due to 
consistent findings observed with these complementary methods, further mixed effects 
multilevel modelling (using moderators) was only performed for r = 0.5 and 𝜌 = 0.5 (r is the 
pre-posttest correlation and 𝜌 is the intra-experiment correlation). 
The significance of the pooled effect size was determined using a Z test. Effect size was 
also compared to a t-test with the Satterthwaite correction (Pustejovsky, 2017) and to a 
likelihood ratio test based on Skovgaard’s statistic (Guolo and Varin, 2012)to confirm the 
validity of the findings. The effect size for each construct is presented in table 1. Forest plots 
with the distribution of effect sizes were then generated for all constructs and categories (see 
app. figure 2). Visual inspection of graphs, Cochrane’s Q test, and the I2 Index were used to 
assess heterogeneity in random-effects models. The variance components σ21 and σ
2
2 were 
used to assess between- and within-studies heterogeneity, respectively, in the multilevel 
analysis. To address the small number of studies included in some of the analyses, two small 
sample corrections were performed: Satterthwaite p-values from the RVE (Pustejovsky, 
2017), and Skovgaard’s p-values from second-order likelihood inference (only for 2-level 
random effects) (Guolo and Varin, 2012).  
 
Influential outcomes 
Influential outcomes are considered outliers that exert a strong influence on the results. 
To ensure the robustness of the results, influential outcomes were removed from each group 













“metafor” package, and they are summarized in Error! Reference source not found.. The 
analysis of influential studies identified 17 influential outcomes, which were eliminated from 
the original database.  
 
Moderator analysis 
A moderator analysis was conducted with predictors selected from previous literature 
(Borella et al., 2017a; Bürki et al., 2014; Lilienthal et al., 2013; Stepankova et al., 2014; 
Verhaeghen et al., 1992; Zinke et al., 2014), considering their influence in visuospatial and 
verbal WM and STM, as well as, reasoning for both immediately after training and at follow-
up. The following variables have been tested as moderators: 1) type of control (active or 
passive); 2) mean age of the participants; 3) training dose (total number of training in hours); 
4) training length (in weeks); 5) total number of sessions; 6) training type (single i.e., 
complex/simple span, updating training or mixed training, i.e., combination of more than one 
type of WM task); 7) years of formal education; 8) category of the outcome (e.g., Cattell; 
RAPM; RSPM); 9) general cognitive ability (measured by the vocabulary test); 10) baseline 
performance. In this analysis, we used a 3-level random-effects model to assess the overall 




To assess sensitivity to publication bias in this meta-analysis, different complementary 
methods were utilized, namely, tests for funnel plot asymmetry (Egger et al., 1997), the trim-
and-fill method (Duval and Tweedie, 2000a, 2000b), and the Henmi and Copas method 
(Henmi and Copas, 2010). The sensitivity analysis of the results was investigated with the 
“leave-one-out method”. Given that publication bias is based on the symmetry of the 













distribution is not expected to be symmetric, and it may mislead the analysis. In our sample, 
studies adopted a large variety of tasks to measure the same construct. Thus, publication bias 
and the “leave-one-out” method were assessed by the categories of measures. Moreover, 
asymmetry of funnel plot was verified only in categories having at least 10 experiments, 
following literature recommendations (Sterne et al., 2011; Zhou et al., 2017). Finally, as these 
methods aim to identify significant differences between individual experiments, no more than 
one outcome per experiment can be included in a single plot. Therefore, for groups having at 
least two outcomes from the same trial, all possible combinations of subgroups, including 
exactly one outcome per trial, were considered to assess publication bias and the “leave-one-
out” method. Funnel plots with the effect sizes of the included studies in all comparisons can 
be found in the supplementary material section (see figure A).  
 
Results 
The results are described in four major sections. First, we describe the different studies 
that were included in the analysis. Second, we present the small-study effect analyses. The 
third section targets the main aim of this review which was to verify the WMT effectiveness 
at posttest and follow-up together with the moderator analysis. Finally, the risk and 
publication bias results are presented. 
 
Characteristics of included studies 
We identified 300 studies (after removal of duplicates), from which 217 were 
excluded after reading the abstract and 59 after the full-text analysis. Criteria for paper 
exclusion: a) review paper; b) sample of non-human animals; c) young participants or elderly 
but not cognitively healthy participants; d) training does not exclusively target WM; e) the 
active control group performed a WM task; f) absence of control group; g) studies whose 













WMT coupled with tDCS; i) incomplete data. Twenty-four articles (27 experiments) met the 
inclusion criteria (for a list of the included papers, see table B in the supplementary material) 
and were selected for the quantitative analysis, which included data for up to 1130 
participants. All trials were published in the last ten years, with Psychology and Aging as the 
journal with the highest number of publications.  
The mean age of the participants ranged from 62.9 to 87.1 years (M = 69.5, SD = 4.9), 
and years of formal education ranged from 6 to 17 (M = 12,7 years, SD = 2.85). Of these 
studies, 79% were carried out in Europe (n = 19), with the remainder conducted in North 
America (n = 3; 13%) and Asia (n = 2; 8%). On average, studies implemented 12 training 
sessions (SD = 8.59; range = 3 - 40), corresponding to seven total hours (SD = 4.36; range = 
1.5 - 20), with a mean session duration of 42 minutes (SD = 13.8; range = 20-60), and an 
average of three days of sessions per week (SD = 1.36; range = 2 - 7). Follow-up was reported 
in eight papers, with a mean of eight months after training (SD = 4.4; range = 3 - 18). The 
completion rate for the whole sample ranged from 70 to 100%. Most of the training was 
performed in laboratory settings (n = 16); however, six trials were conducted at participants’ 
homes. This information was not detailed in three papers (Richmond et al., 2011; Xin et al., 
2014). In eight studies, participation was voluntary, one study included both pay and 
voluntary participation, ten articles reported financial compensation, and five papers did not 
mention this information.  
Regarding the type of trained task (see app. table 4), studies were grouped into three 
major categories (Schmiedek et al., 2009; Shipstead et al., 2012): complex or simple span 
task; updating; mixed (i.e., participants were trained on more than one type of WM task). 
Eight studies included a complex span task, participants were trained on a simple span task in 
one study (Zinke et al., 2011), and updating training was observed in ten studies. Five studies 
had mixed training. Regarding the modality of training (verbal vs. visuospatial), 10 studies 













remaining nine were crossmodal. All studies, except Pergher et al. (2018), Xin et al. (2014), 
Zając-Lamparska and Trempała (2016), had adaptive training. Fourteen articles had an active 
control group, while ten had a passive control group (PCG). As seen in app. table 3, 
characteristics regarding type of training and control, outcomes and follow-up varied across 
studies.  
Heterogeneity indexes among studies in the different analyses were low to moderate 
(Higgins et al., 2003). However, we opted for the random model considering the clinical and 
methodological heterogeneity found among studies (Higgins and Green, 2008). Before 
proceeding to the meta-analysis, small-studies effects were explored. The comparison 
between random-effect modelling, fixed-effect modelling and the Henmi and Copas method 
were conducted to address this issue. The results of this analysis are summarized in Error! 
Reference source not found.. The conclusions of the three models produced very similar 
results, and in 71% of the cases the difference was ≤ 0.001, not affecting the significance of 
the results. The most distinct case happened for verbal complex span at posttest, for which the 
mean effect from the random-effects model was 0.34, 95% CI = [0.09, 0.58], and the common 
effect from the fixed-effects model was 0.31, 95% CI = [0.14, 0.49]. In both cases, CI did not 
include zero, confirming its statistical significance. Additionally, sensitivity analysis 
confirmed that the meta-analytic findings were robust regarding the tested correlation 
coefficients. Indeed, by visual inspection of the table C in the supplementary material, it is 
possible to observe that when the correlation is assumed to be lower, at r = 0.3, or higher, at r 
= 0.7, the estimated summary effect varies by no more than 0.04. 
 
WMT efficacy and moderator analysis 
In this section the results from the effect of WMT on transfer task immediately after 
training (aim 1) and at follow-up (aim 2), as well as, a moderator analysis (aim 3) will be 













(Skovgaard’s and RVE) did not differ considerably, so we reported the multi-level p-value in 
the text and all the values in Table 1. The comparisons only had a small difference between 
the multi-level p-value (p = .03) and the RVE (p = .06) for visuospatial WM in posttest and 
the multi-level p-value (p = .04) and RVE p-value (p = .08) for verbal WM at follow-up. 
Therefore, the results regarding visuospatial WM in posttest and verbal WM at follow-up 
should be interpreted with more caution.  
We did not find any significant difference between the control types (passive versus 
active control groups) in the moderation analysis (see app table 10), except for visuospatial 
WM at posttest. Additionally, we performed a sensitivity analysis, running the analysis 
separately for passive and active control groups. The comparison with both passive and active 
control group merged did not yield an effect size greater than when we performed the 
comparison of experimental group with studies that included only an active control group, 
except for visuospatial WM at posttest. Many of the included trials had passive control group 
(n = 10). If we had excluded those trials from the analyses, some of the comparisons would 
have a very few studies, decreasing the power of the analyses. Accordingly, the results from 
both control groups were merged into a single control condition. The effect sizes were 
calculated comparing the experimental condition with the merged control condition.  
 
Aim 1: examining the generalization of training effects to non-trained tasks (near 
and far transfer) 
WMT effects were examined on near transfer constructs (visuospatial and verbal WM, 
and visuospatial and verbal STM) as well as on a far transfer construct (reasoning) 
immediately post-training.  
Verbal WM: A significant transfer effect was identified for verbal WM (0.23; 95% CI 













Visuospatial WM: A significant transfer effect was identified for WM in the 
visuospatial modality (0.23; 95% CI [0.03, 0.43]).  
Verbal and visuospatial STM: No significant transfer effects were identified for verbal 
(0.16; 95% CI [- 0.05, 0.36]) or visuospatial STM (-0.03; 95% CI [- 0.39, 0.32]).  
Reasoning: For reasoning, the effects were not significant (p = 0.08) at posttest (0.10; 
95% CI [-0.03, 0.23]).  
 
Aim 2:  verifying the maintenance of the effects at follow-up 
Concerning the long-term effects of WMT, we observed that the effects were also 
observed during follow-up to verbal WM (0.23; 95% CI [0.01, 0.46]). However, in 
visuospatial WM analysis, the effect was not significant (0.14; 95% CI [- 0.09, 0.37]). 
Regarding reasoning, results were also not significant (0.13; 95% CI [-0.09, 0.35]), as well as 
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Reasoning 33 24 0.10 [-0.026,0.233] .12 NA .13 28.53 11.51 NA 0.01 <0.01 
Verbal WM 40 20 0.23 [0.065,0.392] .006 ** NA .01* 88.79 *** 56.13 NA <0.01 0.09 
Visuospatial 
WM 
13 10 0.23 [0.029, 0.426] .025 * NA .06^ 16.03 17.83 NA 0.02 <0.01 
Verbal STM 12 11 0.16 [-0.045,0.363] .13 NA .16 12.41 14.07 NA <0.01 0.01 
Visuospatial 
STM 










Reasoning 12 10 0.13 [-0.085, 0.347] .24 NA .27 9.36 6.37 NA 0.01 <.01 
Verbal WM 17 9 0.23 [0.006, 0.457] 0.04 * NA .08^ 18.59 16.35 NA 0.01 0.01 
Visuospatial 
WM 
11 8 0.14 [-0.089, 0.368] .23 NA .14 6.04 <0.01 NA <0.01 <0.01 
Verbal STM 6 6 0.18 [-0.097, 0.452] 0.205 0.983 .19 3.85 <0.01 <0.01 NA NA 
Visuospatial 
STM 
6 5 -0.04 [ -0.334, 0.245] 0.763 NA .72 3.17 NA NA <0.01 <0.01 















Aim 3: testing moderator variables  
 
Here we examined if the variable age, training dose, number of sessions, training type, 
training duration, years of formal education, vocabulary score, baseline performance and type 
of outcome might moderate training effects. The results are presented in Table 2. The 
moderator analysis was significant (p < .05) for number of sessions, training length (in weeks) 
and training dose (in hours), i.e., the gains in reasoning and verbal STM immediately after 
training are small when training duration increases. Additionally, while the effect of WMT on 
verbal STM was linearly moderated by training hours and training length, the effect of WMT 
on Reasoning-posttest was also moderated by the former factors together with the number of 
sessions. Table 2 outlines these moderator roles. Indeed, the approximation by higher 
polynomial degrees were also assessed but, in each case, no significance advantage over the 
linear approach was observed. Specifically, no asymptotic behaviour was detected, as such 
characteristic would imply a significant variation in the rate of change of the WMT effect 
with respect to the corresponding independent variable.  
 Regarding the training type, we observed that the studies that included mixed training 
(i.e., having more than one type of WM tasks) had smaller effects on reasoning immediately 
after training than the training of updating or complex span tasks alone. Additionally, studies 
having the Cattell Test as an outcome displayed a higher gain than studies that used other 
measures at posttest (RAPM; RSPM; LPS). For verbal WM, the gains were higher in complex 
span tasks than in simple span and updating tasks at posttest. Type of control group was a 
significant moderator for verbal WM at posttest, with the effect size of studies using a passive 
control group being higher than studies that used an active control group. Finally, baseline 
performance moderated the effects on visuospatial STM at immediate posttest, with 
participants with lower performance showing more benefits with the training.  
 
 
Note. ^p<.1, *p<.05, **p<.01, ***p<.001. NA – Not applicable (only for groups from the same experiment). I2 – total heterogeneity / total variability; 𝜏2 – 
estimated amount of total heterogeneity; 𝜎21 – Variance component of the 3-level model for the between-studies heterogeneity; 𝜎
2
2 – Variance component 
of the 3-level model for the within-studies (effects within studies) heterogeneity. RVE – Robust variance estimation. Number of studies may be smaller 
than number of effects because each study may have more outcomes for the same construct. RVE and Skovgaard’s (only for 2-level random effects) were 
















Table 2. Moderator effects (significant results). 







Measure - Cattell 0.39  0.14 .005** 20.70 7.82 ** <0.01 <0.01 
Training dose (hours) -0.04 0.01 .001 ** 17.46 11.040 *** <0.01 <0.01 
Number of sessions -0.02 0.01 .004** 20.17 8.35** <0.01 <0.01 
Training length (in weeks) -0.11 0.04 .004 ** 20.38 8.15 ** <0.01 <0.01 
Training Type - Mixed -0.41 0.13 .001** 18.36 10.16 ** <0.01 <0.01 
Verbal WM at 
immediate posttest 
Measure – Complex span 0.27 0.13 .046 *** 80.67 4.00 * <0.01 0.08 
Visuospatial WM at 
immediate posttest  
Control – PC – AC 0.54 0.24 .023* 10.86 5.17 *  <0.01  <0.01 
Verbal STM at 
immediate posttest  
Training dose (in hours) -0.04 0.02 0.043* 8.33 4.08* <0.01 <0.01 
Training length (in weeks) -0.11 0.05 0.033* 7.89 4.53* <0.01 <0.01 
Visuospatial STM at 
immediate posttest 
Baseline performance -0.06 0.02 .01* 2.33 6.73** <0.01 <0.01 
Note. *p < 0.05, **p < 0.01, ***p < 0.001; 𝜎21 – Variance component of the 3-level model for the between-studies heterogeneity; 𝜎
2
2 – Variance 
component of the 3-level model for the within-studies heterogeneity. QE – test for residual heterogeneity when moderators are included. QM – test statistic for 
the omnibus test of coefficients. Moderator effects with non-significant results were not presented, they were mean age of the participants, years of formal 
education, vocabulary performance. Analyses of follow-up did not have any significant moderator. 
 
In summary, WMT had a small significant and long-lasting effect on verbal WM 
(specifically on complex span outcomes). For visuospatial WM, gains were only observed at 
posttest, but not at follow-up. Far transfer for reasoning was not observed. Training length, 
number of sessions, training dose (total training duration in hours), type of training and 
adopted outcomes (Cattell; and complex span), type of control group and baseline 
performance appeared as significant moderator variables at posttest assessment.  
 
Publication and risk of bias 
Assessment of risk of bias is important when performing a review because it is an 
index of the quality of included data, and it could also explain heterogeneity when it is highly 
observed (Viswanathan et al., 2008). Two authors independently assessed the risk of bias. In 
general, we observed a substantial absence of information for most studies, which limited the 
ability to classify the risk of bias. Considering the randomization processes (selection bias), 
17% of the studies presented risk of bias, whereas in 70% the risk of bias was not clear. 
Thirteen percent of the studies adequately reported random sequence generation. Regarding 
allocation concealment, 17% presented a high risk of bias, 9% adequately reported data, and 













had low risk of bias (compared with 4% with high risk), and 26% of the studies did not 
mention blindness procedures. Sixty-five percent of the studies did not exclude data from 
participants who dropped out or with missing data. Thirteen percent had high risk of 
incomplete outcome data, while this was not clear in 22% of the studies. Generally, the 
studies had high completion rates (ranging from 86% to 100%), although the completion rate 
was not clear for all studies. Similarly, most articles (74%) reported all outcomes, although 
they did not state which outcome was the primary. Twenty-two percent presented high risk of 
selective reporting, while it was not clear in 4% of the studies. Additionally, the lack of 
adequate correction for multiple comparisons and for baseline group differences were other 
potential bias observed here. Another possible source of bias was the lack of appropriate 
screening measures of cognitive decline and of affect disorders such as anxiety and 
depression. A summary graph of the risk of bias is displayed in app. figure 3.  
Analysis of publication bias assesses if the set of evidence is biased due to the fact that 
positive findings are more likely to be published. The analysis of several methods of 
publication bias (trim-and-fill, leave-one-out, asymmetric tests, and Hemni and Copas) 
suggested a small presence of publication bias, although it did not seem to substantially alter 
the results. Trim-and-fill is a method that estimates the number of studies missing in the 
funnel plot (Duval and Tweedie, 2000b). It was only used in analyses with at least 10 studies; 
otherwise, the test would not have sufficient power to verify asymmetry (Sterne et al., 2008; 
Zhou et al., 2017). This analysis suggested the presence of publication bias in only two cases 
(simple span and complex span at posttest). Additionally, given that the big issue of 
publication bias is that the positive results are more representative in the published literature 
(Mlinarić et al., 2017), it is important to highlight that trim-and-fill method identified only 
two cases of missing studies (verbal simple span STM and verbal updating WM, both at 
posttest), however the  effect sizes of the corresponding categories were not significant in 













The leave-one-out method was performed by a sensitivity analysis where one study at 
a time was removed from the analysis to verify the influence of a single study in the finding. 
This method showed sensitivity of results to individual studies in three cases (verbal fwd 
simple span at posttest; Cattell and verbal complex span at follow-up). However, in the first 
two cases, the elimination of a unique experiment would cause a significant pooled effect 
size, while only for complex span the elimination of a study (among three) would cause a 
nonsignificant result.  Asymmetric tests indicated publication bias in only one case (verbal 
simple span at posttest), the same comparison already identified with the trim-and-fill method. 
Finally, in all cases, the Hemni and Copas robust estimation was not significantly different 
from the random-effects results, showing that publication bias did not change the overall 
meta-analytic effects in a significant manner. Therefore, the positive effect of publication bias 
was not a big issue here. 
Overall, the presence of bias did not seem to influence the results as supported by the 
former publication bias methods (see app. table 9), as well as, by the similarity between effect 
sizes of studies that presented more criteria classified as high risk of bias (see app. figure 3) 
(e.g., Goghari and Lawlor-Savage, 2017; Heinzel et al., 2016; Stepankova et al., 2014; Zinke 
et al., 2011) and those having a lower risk of bias (e.g., Borella et al., 2017b, 2013; Guye and 
von Bastian, 2017; Lange and Süß, 2015; Weicker et al., 2018). 
 
Discussion 
This meta-analytical review aimed to verify the gains of WMT on transfer measures in 
healthy older adults. In contrast to previous meta-analyses, we used different analytical 
methods to address multiple outcomes and the lack of correlation reports. Additionally, a 
description of the studies included in the review is provided along with a comprehensive 













The high variability between the experiments challenged data aggregation and, 
consequently, data interpretation. The studies presented different experimental and control 
tasks (see app. table 4 and app table 5), different outcomes (see app table 7), and training 
protocols. Follow-up also varied broadly across trials, although it was seldom included in the 
experimental protocol (see app table 3).  
Regarding the results of the effectiveness of WMT at posttest (aim 1), participants 
assigned to a WMT group displayed a small significant near transfer effect size of 0.2 for 
verbal and visuospatial WM, compared to the participants who received a placebo or non-
intervention. These results are in line with previous meta-analyses that have shown small to 
medium near effect sizes immediately after training (Karbach and Verhaeghen, 2014; Melby-
Lerväg et al., 2016; Melby-Lerväg and Hulme, 2013). For example, Karbach and Verhaeghen 
(2014) observed a small near effect size of 0.3 after removal of publication bias (trim-and-fill 
method). We also observed that WMT had no significant impact on STM, which conflicts 
with the results of previous research (Schwaighofer et al., 2015). These differences among 
studies may be due to methodological differences, as Schwaighofer and colleagues (2015) 
included older adults as well as children and young adults. Moreover, it might be the case that 
the lack of effect in STM may be due to a preservation of this ability with age (Nittrouer et al., 
2016; Olson et al., 2004). Therefore, there is less room for transfer in this ability after WMT. 
Nevertheless, this hypothesis needs to be further explored as there was one study showing a 
strong positive effect of WMT on STM (Heinzel et al., 2013). As we observed in the 
moderator analysis, variables such as the training dose and length, as well as, baseline 
performance interfered with the effects, which may cause heterogeneity across studies. For 
the reasoning, there was no significant transfer effect. In fact, a previous meta-analysis 
(Karbach and Verhaeghen, 2014) only yielded a “marginally significant” far transfer effect 














With respect to the WMT long-term effects (aim 2), only ten studies reported follow-
up assessments; therefore, the results should be considered with caution. Near transfer effects 
seem to be maintained at follow-up only for verbal WM. These results are in agreement with 
Schwaighofer et al. (2015) and partially consistent with Melby-Lervag et al. (2016; 2013), 
who only observed a significant maintenance effect in WM outcomes.  
We performed a moderator analysis with the following variables as moderators of 
transfer effects on STM, WM and reasoning at posttest and follow-up (aim 3): 1) type of 
control (active/passive); 2) the mean age of participants; 3) training dose (total number of 
training in hours); 4) training length (in weeks); 5) number of training sessions; 6) training 
type (single: complex span or updating; mixed training: more than one type of WM task); 7) 
years of formal education; and 8) category of the outcome (e.g., Cattell; RAPM; complex 
span); 9) vocabulary score; 10) baseline performance. The variables that explained 
heterogeneity of the effect sizes in reasoning at posttest were the category of the outcome 
(i.e., Cattell), training length/dose, number of training sessions, and training type (i.e., mixed 
training). For verbal WM at posttest, the category of the outcome (i.e., complex span) was the 
variable that explained heterogeneity of the effect sizes. This means that studies having 
complex span as outcome found more positive effects than studies using another WM 
measures. For visuospatial WM at posttest, the type of control group (active versus passive) 
was a significant moderator, with studies using passive control groups presenting higher 
effect sizes. For verbal STM at posttest, training length and hours were the significant 
moderators. For visuospatial STM at posttest, baseline performance moderated the results, 
with participants with lower performance gaining more with the training. 
The fact that some measures (i.e., Cattell Test and Complex Span Task) displayed 
more significant effect sizes than others in the moderator analysis highlights the role of the 
measures to evaluate the training effects. For reasoning, the effect size on the Cattell Test was 













line with the results of previous reviews which showed a slightly larger effect of the Cattell 
Test compared to Raven’s Test (Mansur-Alves and Silva, 2017). This finding could be 
explained by the fact that the Cattell Test consists of different subtests (series, analogies, 
matrices and classification), which may position it as a more complete indicator of reasoning 
compared to tests that only have figural type items (e.g., Raven), as postulated by Gignac 
(2015). Furthermore, this result is consistent with the claim of Shipstead et al. (2012) 
regarding the importance of having different instruments to assess transfer effects in the 
experiments, ensuring that all facets of the construct are assessed.  
Considering the moderation effect of training dose/length, either in reasoning or verbal 
STM, we found unexpected results. For both variables, the results showed a significant 
negative effect, i.e., that more training duration (total number of hours and length) produced 
smaller effect sizes. Other variables probably influenced this analysis, such as the type of 
training performed: most of the shorter duration studies applied the same training task which 
may be more effective than the training adopted by the long-duration studies (Borella et al., 
2017a). It is also noteworthy that only one study had higher dosages of training (more than 15 
hours) (Goghari and Lawlor-Savage, 2017), whereas six out of twenty had only three sessions 
(Borella et al., 2017b, 2014, 2013, 2010; Cantarella et al., 2017b, 2017a). Previously, Karbach 
and Verhaeghen (2014) and Melby-Lerväg and Hulme (2013) failed to find a significant 
influence of total training duration in effect size, except for one measure, the Stroop task in 
Melby-Lerväg and Hulme (2013). In contrast, Schwaighofer et al. (2015) found a positive 
influence of total training duration on visuospatial STM and of session duration on verbal 
STM. Weicker et al. (2016) documented a positive correlation between the number of 
sessions and the effect sizes. In this case, the authors compared two groups (> 20 sessions vs. 
< 20 sessions) and observed that more training sessions produced larger effect sizes. 
Nonetheless, the total number of hours was not related to the effect size (> 10 hours vs. < 10 













shown that short training produced stronger effects than long training (Toril et al., 2014). 
These discrepant findings need to be further addressed in new randomized controlled trials. 
Other factors such as motivation and performance anxiety should also be considered 
(Delphin-Combe et al., 2016; Jaeggi et al., 2014). As participants are older adults, some of 
them may be unfamiliar with the use of computers (most of the trainings are computerized), 
and long training durations may lead to demotivation (Laguna and Babcock, 1997). 
Additionally, participants might not be receptive to extensive training because the training 
would compete with their other activities for time. Another finding worth considering is the 
fact that mixed training negatively moderated the effects on reasoning. In other words, the 
experience of different tasks in the same programme may be less effective than repeating the 
same task or similar tasks during the training (for similar results, see von Bastian et al., 
2013). Perhaps targeting a specific process during training yields sizeable gains, whereas the 
training of multi-WM processes may lead to a competition for resources that underpin the 
transfer effects. 
In short, considering the aim 1 (effectiveness at posttest), our results supported only 
the presence of near transfer effects. For the aim 2 (effectiveness at follow-up), our results 
supported the maintenance of near transfer effects only on verbal WM. For the aim 3, our data 
suggested that the type of outcome (Cattell and complex span), total training 
duration/length/number of sessions, baseline performance, type of control group and type of 
trained task (mixed task) moderate the transfer effects. 
Melby-Lervåg and Hulme (2016) identified two main problems with previous meta-
analyses that showed promising effects of WMT (Au et al., 2015; Karbach and Verhaeghen, 
2014). The first was related to the calculation of a mean effect size without considering the 
baseline performance. It is noteworthy, however, the absence of correlations between baseline 
and posttest assessment in the original papers challenges the calculation of the Hedge’s g 













the pre- to posttest score difference (Borenstein et al., 2009; Morris, 2008), and we also ran a 
sensitivity analysis with different values of correlation coefficients.  
The second problem pointed out by the authors was the importance of comparing 
studies with active versus passive control groups. To address this, we performed a moderator 
analysis with the type of control as moderator which showed a significant effect only for 
visuospatial WM at posttest (see App Table 10). We also ran a sensitive analysis with active 
and passive control group separately (see supplementary material, table D). The effect sizes 
did not change considerably from the previous results with the merged control group. The 
exception was the visual WM atposttest in which the results became insignificant. In this 
analysis, results from RVE and multi-level p-value also differed from each other showing that 
this finding needs further evidence. Moreover, it is noteworthy that one influential study with 
a big positive effect size (Borella et. al., 2014 – experiment 1) was excluded. If we had kept 
this study, the analysis would be significant either case. Probably there is in fact an effect in 
the visuospatial WM, however given the inconsistency in different analysis, it is not possible 
to draw a clear conclusion. 
 In contrast, in the study of Melby-Lervåg and Hulme (2016), some of the meta-
analytical results changed when the analysis was performed separately for active and passive 
control groups. Our findings partially corroborated the results of Weicker et al. (2016), 
Melby-Lervåg and Hulme (2013), and Karbach and Verhaeghen (2014) that did not find a 
significant influence of the type of control condition in the outcomes. It is noteworthy, 
however, that Melby-Lervåg and Hulme (2016) had a diversified sample, including a broader 
range of ages and learner status within the same analysis, which may explain the differences 
found. 
Relatively to the assessment of risk of bias, most authors did not report data regarding 
random sequence generation, allocation concealment, and blinding. Among the other risks of 













or did not use validated screening measures of cognition and affect. Other experiments 
showed differences between conditions at baseline, most likely due to inappropriate 
randomization. Some studies were exploratory, not stating primary/secondary analysis, nor 
including a priori sample size calculations. Nonetheless, in the current review, the risk of bias 
was not problematic since the same pattern of results was found both in studies that fulfilled 
most of the criteria and in studies that satisfied only a few. Additionally, more recent studies 
considered this limitation and implemented a more appropriate experimental design (Guye 
and von Bastian, 2017; Weicker et al., 2018). 
The primary limitation of this review is the fact that we pooled different 
methodological studies together. However, we have done moderator analyses and combined 
outcomes in categories to address this variability. Second, although we considered a Ph.D. 
thesis, we did not perform an extensive grey literature search, which may have introduced 
publication bias in our analysis. It is noteworthy, however, that publication bias analysis did 
not indicate a strong presence of such bias, especially regarding positive statistical effects. 
Third, in some comparisons, we had a low number of trials included (n < 10), especially with 
follow-up analyses. Fourth, some of the included studies had a small sample in each 
comparison (n < 20). Even though, this limitation was addressed in the analysis by applying 
corrections for small samples to the effect size calculation. Fifth, two studies were not 
included due to the lack of replies from the contacted authors (missing data). Finally, our 
results may not be valid for the whole ageing population because most studies were conducted 
with a selective population. To illustrate, most trials had participants with a high level of 
schooling (M = 12.67 years), and most of trials had younger older adults as participants (M = 
69.55). Therefore, additional studies with older populations and participants with lower levels 
of schooling are needed (e.g., da Silva and Yassuda, 2009; Santos Golino et al., 2016). 
Finally, some recommendations are suggested for future studies in the WMT field. 













optimal session duration, total intervention time and intervals between sessions) (e.g., Penner 
et al., 2012). Another critical point is related to the importance of increasing the training level 
of difficulty. In our sample, 95% of the trials were adaptive, meaning that the trained task was 
adjusted in difficulty according to the participants’ performance. However, von Bastian and 
Eschen (2016) found that participants did not perform better with adaptive tasks than with 
tasks of self-selected difficulty. Furthermore, a next step could be to compare different WMT 
programmes as illustrated by Basak and O’Connell (2016), who showed a superiority effect of 
an unpredictable memory updating training over a predictable one. We also encourage 
comparisons between web-based interventions and more traditional laboratory approaches 
(Schwaighofer et al., 2015). Subsequently, researchers should verify how to keep participants 
engaged in the training programmes. For example, group cognitive trainings could be more 
motivating then individualized trainings (Kelly et al., 2014). Other approaches such as 
combining techniques (e.g., non-invasive electrical brain stimulation or physical exercise) 
could boost WMT effects (Oswald et al., 2006; Teixeira-Santos et al., 2015).  
Protocols should be designed to follow participants over more extended periods of 
time. The outcomes selection could also be rethought. Namely, we could have different 
outcomes to assess different facets of the same construct (Weicker et al., 2018), and we could 
account for more clinical relevance and external validity. For example, some promise has 
been seen regarding the generalizability of results for real life: Cantarella et al. (2016) used 
everyday problem solving and timed basic daily activities as outcomes; Lange and Süß (2015) 
had questionnaires for cognitive failures in everyday life; Takeuchi et al. (2014) assessed the 
effect of WM training on emotional states; and Borella et al. (2019) assessed transfer for 
everyday life in old-old participants. Eventually, subjective cognitive functioning could be 
included. Similarly, surrogate outcomes, such as magnetic resonance imaging and 













to define the best training protocol regarding brain plasticity (Buschkuehl et al., 2012; Dahlin 
et al., 2008b; Heinzel et al., 2016; Takeuchi et al., 2014, 2013).  
Other factors that may moderate gains (e.g., motivation; personality; financial 
compensation) should be further scrutinized (Au et al., 2015; Borella et al., 2013; Zinke et al., 
2011). Regarding the population, studies with different age and formal education subgroups 
are warranted. To the best of our knowledge, no former study in the field has been conducted 
with illiterate people, mainly because few studies are carried out in developing countries. 
However, this group is more vulnerable to cognitive decline (Brucki, 2010) and in need of 
cognitive care opportunities. Finally, regarding risk of bias, future studies should be careful 
about the proper implementation of the randomization process, allocation concealment, 
blinding, incomplete outcome and data reporting.  
 
Conclusion 
Neuroplasticity, the brain and behavioural capacity of restructuration according to 
environmental demands, is verified even in late stages of development (Landi and Rossini, 
2010), and WMT has been studied as a promising tool to promote it. Our analysis suggested 
the generalization of WMT to near transfer tasks. Far-transfer effects were not verified, except 
for the studies whose Cattel Test was used to assess reasoning. Moderator analysis did not 
show the influence of type of control group (active versus passive), except for one 
comparison: visuospatial WM at posttest. Importantly, the adopted measures, type of training, 
training length and duration, baseline performance were significant variables moderating the 
effects sizes. Overall, the generalization of WMT seems to be limited to the WM construct 













Figure 1 - Schematic representation of the main findings of the current meta-analysis. X = non-significant results; Solid line = 
significant results;  = negative moderating effect; = positive moderating effect.  
 
Conflict of interest statement 
All authors declare no conflict of interest. 
 
Acknowledgments 
The authors want to thank some helpful meta-analytic recommendations provided by 
members of “R-sig-meta-analysis” mailing list, especially W. Viechtbauer, and J. 
Pustejovsky. The authors would also like to extend their thanks to Annamaria Guolo for her 
advice during data analysis. 
 
Funding 
 Supported by the Portuguese Foundation for Science and Technology (FCT) Doctoral 
Grants no.  SFRH/BD/80965/2011 (awarded to ACT) and no. PD/BD/105964/2014 (awarded 
to DRP).  This study was supported by the Bial Foundation, under the fellowship number 
#286/16. This study was conducted at the Psychology Research Centre 
(UID/PSI/01662/2013), University of Minho, which is supported by the Portuguese Ministry 
of Science, Technology and Higher Education through the PT2020 Partnership 
Agreement (POCI-01-0145-FEDER-007653). AS was supported by FCT with the grants 













by CMUP (UID/MAT/00144/2013), which is funded by FCT with national (MEC) and 
European structural funds (FEDER), under the partnership agreement PT2020.  JL is 
supported by National Funds through the FCT and co-funded through COMPETE 2020 
– PO Competitividade e Internacionalização/Portugal 2020/União Europeia, FEDER 
(Fundos Europeus Estruturais e de Investimento – FEEI) under the number PTDC/PSI-
ESP/30280/2017. SC was funded by the FCT with the Grant IF/00091/2015 and under 















Au, J., Sheehan, E., Tsai, N., Duncan, G.J., Buschkuehl, M., Jaeggi, S.M., 2015. Improving 
fluid intelligence with training on working memory: a meta-analysis. Psychon. Bull. 
Rev. 22, 366–377. https://doi.org/10.3758/s13423-014-0699-x 
Bäckman, L., Lindenberger, U., Li, S.-C., Nyberg, L., 2010. Linking cognitive aging to 
alterations in dopamine neurotransmitter functioning: Recent data and future avenues. 
Neurosci. Biobehav. Rev. https://doi.org/10.1016/j.neubiorev.2009.12.008 
Bäckman, L., Waris, O., Johansson, J., Andersson, M., Rinne, J.O., Alakurtti, K., Soveri, A., 
Laine, M., Nyberg, L., 2017. Increased dopamine release after working-memory 
updating training: Neurochemical correlates of transfer. Sci. Rep. 7. 
https://doi.org/10.1038/s41598-017-07577-y 
Ball, K., Berch, D.B., Helmers, K.F., Jobe, J.B., Leveck, M.D., Marsiske, M., Morris, J.N., 
Rebok, G.W., Smith, D.M., Tennstedt, S.L., Unverzagt, F.W., Willis, S.L., 2002. Effects 
of cognitive training interventions with older adults: a randomized controlled trial. 
JAMA 288, 2271–2281. https://doi.org/10.1001/jama.288.18.2271. 
Basak, C., O’Connell, M.A., 2016. To Switch or not to Switch: Role of Cognitive Control in 
Working Memory Training in Older Adults. Front. Psychol. 7, 1–18. 
https://doi.org/10.3389/fpsyg.2016.00230 
Beatty, E.L., Vartanian, O., Mackey, A.P., 2015. The prospects of working memory training 
for improving deductive reasoning. Front. Hum. Neurosci. 9, 1–2. 
https://doi.org/10.3389/fnhum.2015.00056 
Becker, B.J., 1988. Synthesizing standardized mean???change measures. Br. J. Math. Stat. 
Psychol. https://doi.org/10.1111/j.2044-8317.1988.tb00901.x 
Bisiacchi, P.S., Tarantino, V., Ciccola, A., 2008. Aging and prospective memory: The role of 














Borella, E., Cantarella, A., Carretti, B., De Lucia, A., De Beni, R., 2019. Improving everyday 
functioning in the old-old with a working memory training. Am. J. Geriatr. Psychiatry. 
https://doi.org/10.1016/j.jagp.2019.01.210 
Borella, E., Carbone, E., Pastore, M., De Beni, R., Carretti, B., 2017a. Working Memory 
Training for Healthy Older Adults: The Role of Individual Characteristics in Explaining 
Short- and Long-Term Gains. Front. Hum. Neurosci. 
https://doi.org/10.3389/fnhum.2017.00099 
Borella, E., Carretti, B., Cantarella, A., Riboldi, F., Zavagnin, M., De Beni, R., 2014. Benefits 
of training visuospatial working memory in young–old and old–old. Dev. Psychol. 50, 
714–727. https://doi.org/10.1037/a0034293 
Borella, E., Carretti, B., Riboldi, F., De Beni, R., 2010. Working memory training in older 
adults: evidence of transfer and maintenance effects. Psychol. Aging 25, 767–778. 
https://doi.org/10.1037/a0020683 
Borella, E., Carretti, B., Sciore, R., Capotosto, E., Taconnat, L., Cornoldi, C., De Beni, R., 
2017b. Training working memory in older adults: Is there an advantage of using 
strategies? Psychol. Aging 32, 178–191. https://doi.org/10.1037/pag0000155 
Borella, E., Carretti, B., Zanoni, G., Zavagnin, M., De Beni, R., 2013. Working memory 
training in old age: An examination of transfer and maintenance effects. Arch. Clin. 
Neuropsychol. 28, 331–347. https://doi.org/10.1093/arclin/act020 
Borenstein, M., 2009. Effect sizes for continuous data, in: The Handbook of Research 
Synthesis and Meta-Analysis. pp. 221–235. 
Borenstein, M., Hedges, L. V, Higgins, J.P.T., Rothstein, H.R., 2009. Effect Sizes Based on 
Means. Introd. to Meta-Analysis 21–32. https://doi.org/10.1002/9780470743386.ch6 
Braver, T.S., Cohen, J.D., Nystrom, L.E., Jonides, J., Smith, E.E., Noll, D.C., 1997. A 














Braver, T.S., West, R., 2008. Working memory, executive control, and aging, The handbook 
of aging and cognition (3rd ed.). 
Brehmer, Y., Rieckmann, A., Bellander, M., Westerberg, H., Fischer, H., Bäckman, L., 2011. 
Neural correlates of training-related working-memory gains in old age. Neuroimage 58, 
1110–1120. https://doi.org/10.1016/j.neuroimage.2011.06.079 
Brucki, S.M.D., 2010. Illiteracy and dementia. Dement. e Neuropsychol. 4, 153–157. 
https://doi.org/10.1590/S1980-57642010DN40300002 
Bürki, C.N., Ludwig, C., Chicherio, C., de Ribaupierre, A., 2014. Individual differences in 
cognitive plasticity: an investigation of training curves in younger and older adults. 
Psychol. Res. 78, 821–835. https://doi.org/10.1007/s00426-014-0559-3 
Buschkuehl, M., Jaeggi, S.M., Jonides, J., 2012. Neuronal effects following working memory 
training. Dev. Cogn. Neurosci. https://doi.org/10.1016/j.dcn.2011.10.001 
Cantarella, A., Borella, E., Carretti, B., Kliegel, M., De Beni, R., 2017a. Benefits in tasks 
related to everyday life competences after a working memory training in older adults. Int. 
J. Geriatr. Psychiatry. https://doi.org/10.1002/gps.4448 
Cantarella, A., Borella, E., Carretti, B., Kliegel, M., Mammarella, N., Fairfield, B., De Beni, 
R., 2017b. The influence of training task stimuli on transfer effects of working memory 
training in aging. Psychol. Fr. https://doi.org/10.1016/j.psfr.2017.04.005 
Chan, J.S.Y., Wu, Q., Liang, D., Yan, J.H., 2015. Visuospatial working memory training 
facilitates visually-aided explicit sequence learning. Acta Psychol. (Amst). 
https://doi.org/10.1016/j.actpsy.2015.09.008 
Cheung, M.W.-L., 2013. Modeling dependent effect sizes with three-level meta-analyses: A 
structural equation modeling approach. Psychol. Methods. 
https://doi.org/10.1037/a0032968 
Clare, L., Woods, R.T., 2004. Cognitive training and cognitive rehabilitation for people with 














Constantinidis, C., Klingberg, T., 2016. The neuroscience of working memory capacity and 
training. Nat. Rev. Neurosci. https://doi.org/10.1038/nrn.2016.43 
Conway, A.R.A., Kane, M.J., Engle, R.W., 2003. Working memory capacity and its relation 
to general intelligence. Trends Cogn. Sci. 7, 547–552. 
https://doi.org/10.1016/j.tics.2003.10.005 
Cowan, N., 2017. The many faces of working memory and short-term storage. Psychon. Bull. 
Rev. https://doi.org/10.3758/s13423-016-1191-6 
da Silva, H.S., Yassuda, M.S., 2009. Memory training for older adults with low education: 
Mental images versus categorization. Educ. Gerontol. 35, 890–905. 
https://doi.org/10.1080/03601270902782487 
Dahlin, E., Nyberg, L., Bäckman, L., Neely, A.S., 2008a. Plasticity of executive functioning 
in young and older adults: immediate training gains, transfer, and long-term 
maintenance. Psychol. Aging 23, 720–730. https://doi.org/10.1037/a0014296 
Dahlin, E., Stigsdotter Neely, A., Bäckman, L., Larsson, A., 2008b. Transfer of Learning 
After Updating Training Mediated by the Striatum. Science (80-. ). 320, 1510–1512. 
https://doi.org/10.1126/science.1155466 
Delphin-Combe, F., Bathsavanis, A., Rouch, I., Liles, T., Vannier-Nitenberg, C., Fantino, B., 
Dauphinot, V., Krolak-Salmon, P., 2016. Relationship between anxiety and cognitive 
performance in an elderly population with a cognitive complaint. Eur. J. Neurol. 23, 
1210–1217. https://doi.org/10.1111/ene.13004 
Diamond, B.J., Deluca, J., Rosenthal, D., Vlad, R., Davis, K., Lucas, G., Noskin, O., 
Richards, J.A., 1999. Information processing in older versus younger adults: Accuracy 
versus speed. Int. J. Rehabil. Heal. https://doi.org/10.1023/A:1012911203468 
Duval, S., Tweedie, R., 2000a. A Nonparametric “Trim and Fill” Method of Accounting for 














Duval, S., Tweedie, R., 2000b. Trim and Fill: A Simple Funnel-Plot-Based Method of Testing 
and Adjusting for Publication Bias in Meta-Analysis. Biometrics 56, 455–463. 
https://doi.org/10.1111/j.0006-341X.2000.00455.x 
Egger, M., Davey Smith, G., Schneider, M., Minder, C., 1997. Bias in meta-analysis detected 
by a simple, graphical test. BMJ. 
Gignac, G.E., 2015. Raven’s is not a pure measure of general intelligence: Implications for g 
factor theory and the brief measurement of g. Intelligence 52, 71–79. 
https://doi.org/10.1016/j.intell.2015.07.006 
Goghari, V.M., Lawlor-Savage, L., 2017. Comparison of cognitive change after working 
memory training and logic and planning training in healthy older adults. Front. Aging 
Neurosci. 9. https://doi.org/10.3389/fnagi.2017.00039 
Golino, M.T.S., Flores-Mendoza, C.E., 2016. Development of a cognitive training program 
for the elderly. Rev. Bras. Geriatr. e Gerontol. 19, 769–785. 
https://doi.org/10.1590/1809-98232016019.150144 
Gordon, M., Lumley, T., 2016. forestplot: Advanced Forest Plot Using “grid” Graphics. 
Guolo, A., Varin, C., 2012. The R Package \pkgmetaLik for Likelihood Inference in Meta-
Analysis. J. Stat. Softw. 50, 1–19. https://doi.org/http://dx.doi.org/10.18637/jss.v050.i07 
Guye, S., von Bastian, C.C., 2017. Working memory training in older adults: Bayesian 
evidence supporting the absence of transfer. Psychol. Aging. 
https://doi.org/10.1037/pag0000206 
Harbord, R.M., 2011. Commentary on “Multivariate meta-analysis: Potential and promise.” 
Stat. Med. https://doi.org/10.1002/sim.4278 
Hedges, L. V., 1989. An Unbiased Correction for Sampling Error in Validity Generalization 
Studies. J. Appl. Psychol. 74, 469–477. https://doi.org/10.1037/0021-9010.74.3.469 













regression with dependent effect size estimates. Res. Synth. Methods 1, 39–65. 
https://doi.org/10.1002/jrsm.5 
Heinzel, S., Lorenz, R.C., Brockhaus, W.-R.W.-R., Wüstenberg, T., Kathmann, N., Heinz, A., 
Rapp, M.A., Wustenberg, T., Kathmann, N., Heinz, A., Rapp, M.A., 2014. Working 
Memory Load-Dependent Brain Response Predicts Behavioral Training Gains in Older 
Adults. J. Neurosci. 34, 1224–1233. https://doi.org/10.1523/JNEUROSCI.2463-13.2014 
Heinzel, S., Lorenz, R.C., Pelz, P., Heinz, A., Walter, H., Kathmann, N., Rapp, M.A., Stelzel, 
C., 2016. Neural correlates of training and transfer effects in working memory in older 
adults. Neuroimage 134, 236–249. https://doi.org/10.1016/j.neuroimage.2016.03.068 
Heinzel, S., Schulte, S., Onken, J., Duong, Q.-L., Riemer, T.G., Heinz, A., Kathmann, N., 
Rapp, M. a, 2013. Working memory training improvements and gains in non-trained 
cognitive tasks in young and older adults. Neuropsychol. Dev. Cogn. B. Aging. 
Neuropsychol. Cogn. 21, 146–73. https://doi.org/10.1080/13825585.2013.790338 
Henmi, M., Copas, J.B., 2010. Confidence intervals for random effects meta-analysis and 
robustness to publication bias. Stat. Med. 29, 2969–2983. 
https://doi.org/10.1002/sim.4029 
Higgins, J.P.T., Altman, D.G., 2008. Assessing Risk of Bias in Included Studies, in: Cochrane 
Handbook for Systematic Reviews of Interventions: Cochrane Book Series. John Wiley 
& Sons, Ltd, Chichester, UK, pp. 187–241. https://doi.org/10.1002/9780470712184.ch8 
Higgins, J.P.T., Green, S., 2008. Cochrane Handbook for Systematic Reviews of 
Interventions: Cochrane Book Series, Cochrane Handbook for Systematic Reviews of 
Interventions: Cochrane Book Series. https://doi.org/10.1002/9780470712184 
Higgins, J.P.T., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency in 
meta-analyses. BMJ  Br. Med. J. 327, 557–560. 
https://doi.org/10.1136/bmj.327.7414.557 













- Issues and implications of ICH-E10. Drug Inf. J. 35, 1147–1156. 
https://doi.org/10.1177/009286150103500411 
ICH Harmonised Tripartite Guideline, 2000. Ich - E10 - Choice of Control Group and Related 
Issues in Clinical Trials, Ich Harmonised Tripartite Guideline. 
https://doi.org/http://dx.doi.org/10.1016/j.jaad.2006.09.029 
Jaeggi, S.M., Buschkuehl, M., Jonides, J., Perrig, W.J., 2008. Improving fluid intelligence 
with training on working memory. Proc. Natl. Acad. Sci. 105, 6829–6833. 
https://doi.org/10.1073/pnas.0801268105 
Jaeggi, S.M., Buschkuehl, M., Shah, P., Jonides, J., 2014. The role of individual differences in 
cognitive training and transfer. Mem. Cognit. 42, 464–480. 
https://doi.org/10.3758/s13421-013-0364-z 
Jolles, D.D., Crone, E.A., 2012. Training the developing brain: a neurocognitive perspective. 
Front. Hum. Neurosci. 6. https://doi.org/10.3389/fnhum.2012.00076 
Just, M.A., Carpenter, P.A., 1992. A capacity theory of comprehension: Individual differences 
in working memory. Psychol. Rev. 99, 122–149. https://doi.org/10.1037/0033-
295X.99.1.122 
Karbach, J., Verhaeghen, P., 2014. Making working memory work: A meta-analysis of 
executive-control and working memory training in older adults. Psychol. Sci. 25, 2027–
2037. https://doi.org/10.1177/0956797614548725 
Kelly, M.E., Loughrey, D., Lawlor, B.A., Robertson, I.H., Walsh, C., Brennan, S., 2014. The 
impact of cognitive training and mental stimulation on cognitive and everyday 
functioning of healthy older adults: A systematic review and meta-analysis. Ageing Res. 
Rev. https://doi.org/10.1016/j.arr.2014.02.004 
Kemper, S., Herman, R.E., Liu, C.J., 2004. Sentence production by young and older adults in 














Ko, P.C., Duda, B., Hussey, E., Mason, E., Molitor, R.J., Woodman, G.F., Ally, B.A., 2014. 
Understanding age-related reductions in visual working memory capacity: Examining the 
stages of change detection. Attention, Perception, Psychophys. 
https://doi.org/10.3758/s13414-013-0585-z 
Konstantopoulos, S., 2011. Fixed effects and variance components estimation in three-level 
meta-analysis. Res. Synth. Methods 2, 61–76. https://doi.org/10.1002/jrsm.35 
Laguna, K., Babcock, R.L., 1997. Computer anxiety in young and older adults: Implications 
for human-computer interactions in older populations. Comput. Human Behav. 
https://doi.org/10.1016/S0747-5632(97)00012-5 
Lampit, A., Hallock, H., Valenzuela, M., 2014. Computerized Cognitive Training in 
Cognitively Healthy Older Adults: A Systematic Review and Meta-Analysis of Effect 
Modifiers. PLoS Med. 11. https://doi.org/10.1371/journal.pmed.1001756 
Landi, D., Rossini, P.M., 2010. Cerebral restorative plasticity from normal ageing to brain 
diseases: A “never ending story.” Restor. Neurol. Neurosci. 
https://doi.org/10.3233/RNN-2010-0538 
Landis, J.R., Koch, G.G., 1977. The Measurement of Observer Agreement for Categorical 
Data Data for Categorical of Observer Agreement The Measurement. Biometrics 33, 
159–174. https://doi.org/10.2307/2529310 
Lange, S., Süß, H.M., 2015. Experimental Evaluation of Near- and Far-Transfer Effects of an 
Adaptive Multicomponent Working Memory Training. Appl. Cogn. Psychol. 29, 502–
514. https://doi.org/10.1002/acp.3126 
Li, S.-C., Schmiedek, F., Huxhold, O., Röcke, C., Smith, J., Lindenberger, U., 2008. Working 
memory plasticity in old age: practice gain, transfer, and maintenance. Psychol. Aging 
23, 731–42. https://doi.org/10.1037/a0014343 
Lilienthal, L., Tamez, E., Shelton, J.T., Myerson, J., Hale, S., 2013. Dual n-back training 














Loosli, S. V., Falquez, R., Unterrainer, J.M., Weiller, C., Rahm, B., Kaller, C.P., 2016. 
Training of resistance to proactive interference and working memory in older adults: A 
randomized double-blind study. Int. Psychogeriatrics. 
https://doi.org/10.1017/S1041610215001519 
Lubitz, A.F., Niedeggen, M., Feser, M., 2017. Aging and working memory performance: 
Electrophysiological correlates of high and low performing elderly. Neuropsychologia 
106, 42–51. https://doi.org/10.1016/j.neuropsychologia.2017.09.002 
Lustig, C., Shah, P., Seidler, R., Reuter-Lorenz, P.A., 2009. Aging, training, and the brain: A 
review and future directions. Neuropsychol. Rev. https://doi.org/10.1007/s11065-009-
9119-9 
Mansur-Alves, M., Silva, R.S., 2017. Treinar memória de trabalho promove mudanças em 
inteligência fluida? Temas em Psicol. 25, 787–807. https://doi.org/10.9788/TP2017.2-
19Pt 
Melby-Lerväg, M., Hulme, C., 2016. There is no convincing evidence that working memory 
training is effective: A reply to Au et al. (2014) and Karbach and Verhaeghen (2014). 
Psychon. Bull. Rev. 23, 324–330. https://doi.org/10.3758/s13423-015-0862-z 
Melby-Lerväg, M., Hulme, C., 2013. Is working memory training effective? A meta-analytic 
review. Dev. Psychol. 49, 270–91. https://doi.org/10.1037/a0028228 
Melby-Lerväg, M., Redick, T.S., Hulme, C., 2016. Working Memory Training Does Not 
Improve Performance on Measures of Intelligence or Other Measures of “Far Transfer”: 
Evidence from a Meta-Analytic Review. Perspect. Psychol. Sci. 11, 512–534. 
https://doi.org/10.3837/tiis.0000.00.000 
Mlinarić, A., Horvat, M., Smolčić, V.Š., 2017. Dealing with the positive publication bias: 














Moeyaert, M., Ugille, M., Natasha Beretvas, S., Ferron, J., Bunuan, R., Van den Noortgate, 
W., 2017. Methods for dealing with multiple outcomes in meta-analysis: a comparison 
between averaging effect sizes, robust variance estimation and multilevel meta-analysis. 
Int. J. Soc. Res. Methodol. 20, 559–572. 
https://doi.org/10.1080/13645579.2016.1252189 
Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G.D., Moher, D; Liberati, A; Tetzlaff, J., 
Altman, D.G.D., 2009. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ 8, b2535–b2535. 
https://doi.org/10.1136/bmj.b2535 
Morris, S.B., 2008. Estimating effect sizes from pretest-posttest-control group designs. Organ. 
Res. Methods 11, 364–386. https://doi.org/10.1177/1094428106291059 
Morrison, A.B., Chein, J.M., 2011. Does working memory training work? The promise and 
challenges of enhancing cognition by training working memory. Psychon. Bull. Rev. 18, 
46–60. https://doi.org/10.3758/s13423-010-0034-0 
Neely, A.S., Nyberg, L., 2015. Working memory training in late adulthood: A behavioral and 
brain perspective., Working memory and ageing. Psychology Press. 
https://doi.org/10.4324/9781315879840-10 
Nittrouer, S., Lowenstein, J.H., Wucinich, T., Moberly, A.C., 2016. Verbal Working Memory 
in Older Adults: The Roles of Phonological Capacities and Processing Speed. J. Speech, 
Lang. Hear. Res. https://doi.org/10.1044/2016_jslhr-h-15-0404 
Noack, H., Lövdén, M., Schmiedek, F., Lindenberger, U., 2009. Cognitive plasticity in 
adulthood and old age: Gauging the generality of cognitive intervention effects. Restor. 
Neurol. Neurosci. 27, 435–453. https://doi.org/10.3233/RNN-2009-0496 
Oberauer, K., Lewandowsky, S., Awh, E., Brown, G.D.A., Conway, A., Cowan, N., Donkin, 
C., Farrell, S., Hitch, G.J., Hurlstone, M.J., Ma, W.J., Morey, C.C., Nee, D.E., 













working memory. Psychol. Bull. https://doi.org/10.1037/bul0000153 
Oberauer, K., Süß, H.M., Wilhelm, O., Wittmann, W.W., 2008. Which working memory 
functions predict intelligence? Intelligence 36, 641–652. 
https://doi.org/10.1016/j.intell.2008.01.007 
Olson, I.R., Zhang, J.X., Mitchell, K.J., Johnson, M.K., Bloise, S.M., Higgins, J.A., 2004. 
Preserved spatial memory over brief intervals in older adults. Psychol. Aging. 
https://doi.org/10.1037/0882-7974.19.2.310 
Oswald, W.D., Gunzelmann, T., Rupprecht, R., Hagen, B., 2006. Differential effects of single 
versus combined cognitive and physical training with older adults: The SimA study in a 
5-year perspective. Eur. J. Ageing 3, 179–192. https://doi.org/10.1007/s10433-006-0035-
z 
Otsuka, Y., Sekiyama, K., Yoshikawa, S., Nishiguchi, S., Yamada, M., Abe, N., Kawagoe, T., 
Nakai, R., Suzuki, M., 2015. Brain activation during visual working memory correlates 
with behavioral mobility performance in older adults. Front. Aging Neurosci. 7, 186. 
https://doi.org/10.3389/fnagi.2015.00186 
Park, D.C., Reuter-Lorenz, P., 2009. The adaptive brain: aging and neurocognitive 
scaffolding. Annu. Rev. Psychol. 60, 173–96. 
https://doi.org/10.1146/annurev.psych.59.103006.093656 
Payne, B.R., 2014. The effects of verbal working memory training on language 
comprehension in older adulthood. Ph.D. Diss. Educ. Psychol. Grad. Coll. Univ. Illinois 
Urbana-Champaign. 
Penner, I.-K., Vogt, A., Stöcklin, M., Gschwind, L., Opwis, K., Calabrese, P., 2012. 
Computerised working memory training in healthy adults: A comparison of two different 
training schedules. Neuropsychol. Rehabil. 22, 716–733. 
https://doi.org/10.1080/09602011.2012.686883 













back training and transfer effects revealed by behavioral responses and EEG. Brain 
Behav. https://doi.org/10.1002/brb3.1136 
Pustejovsky, J., 2017. Package “clubSandwich” Title Cluster-Robust (Sandwich) Variance 
Estimators with Small-Sample Corrections. 
https://doi.org/10.1080/07350015.2016.1247004> 
R Core Team, 2018. R: A Language and Environment for Statistical Computing [WWW 
Document]. Vienna, Austria. URL https://www.r-project.org/. 
Ragland, J.D., Turetsky, B.I., Gur, R.C., Gunning-Dixon, F., Turner, T., Schroeder, L., Chan, 
R., Gur, R.E., 2002. Working memory for complex figures: An fMRI comparison of 
letter and fractal n-back tasks. Neuropsychology. https://doi.org/10.1037/0894-
4105.16.3.370 
Raz, N., 2005. The Aging Brain Observed in Vivo: Differential Changes and Their Modifiers, 
Cognitive Neuroscience of Aging: Linking Cognitive and Cerebral Aging Cabeza, R. 
Nyberg, L. Park, D. https://doi.org/10.1176/appi.ajp.163.3.560 
Richmond, L.L., Morrison, A.B., Chein, J.M., Olson, I.R., 2011. Working memory training 
and transfer in older adults. Psychol. Aging 26, 813–822. 
https://doi.org/10.1037/a0023631 
Rothwell, P.M., 2006. Factors That Can Affect the External Validity of Randomised 
Controlled Trials. PLOS Hub Clin. Trials 1, e9. 
https://doi.org/10.1371/journal.pctr.0010009 
Rottschy, C., Langner, R., Dogan, I., Reetz, K., Laird, A.R., Schulz, J.B., Fox, P.T., Eickhoff, 
S.B., 2012. Modelling neural correlates of working memory: A coordinate-based meta-
analysis. Neuroimage 60, 830–846. https://doi.org/10.1016/j.neuroimage.2011.11.050 
Salthouse, T.A., 2000. Aging and measures of processing speed. Biol. Psychol. 
https://doi.org/10.1016/S0301-0511(00)00052-1 













Rev. 10, 101–124. https://doi.org/10.1016/0273-2297(90)90006-P 
Schmiedek, F., Hildebrandt, A., Lövdén, M., Wilhelm, O., Lindenberger, U., 2009. Complex 
span versus updating tasks of working memory: The gap is not that deep. J. Exp. 
Psychol. Learn. Mem. Cogn. 35, 1089–1096. https://doi.org/10.1037/a0015730 
Schwaighofer, M., Fischer, F., Bühner, M., 2015. Does Working Memory Training Transfer? 
A Meta-Analysis Including Training Conditions as Moderators. Educ. Psychol. 50, 138–
166. https://doi.org/10.1080/00461520.2015.1036274 
Shakeel, M.K., Goghari, V.M., 2017. Measuring Fluid Intelligence in Healthy Older Adults. 
J. Aging Res. https://doi.org/10.1155/2017/8514582 
Shing, Y.L., Schmiedek, F., Lövdén, M., Lindenberger, U., 2012. Memory updating practice 
across 100 days in the COGITO study. Psychol. Aging. 
https://doi.org/10.1037/a0025568 
Shipstead, Z., Redick, T.S., Engle, R.W., 2012. Is working memory training effective? 
Psychol. Bull. 138, 628–654. https://doi.org/10.1037/a0027473\r10.1037/0033-
2909.131.1.30; Aiken, L.S., West, S.G., Invalidity of true experiments: Self-report 
pretest biases (1990) Evaluation Review, 14, pp. 374-390. , doi:10.1177/ 
0193841X9001400403; Alloway, T.P., Can interactive working memory training 
improving learning? Journal of Interactive Learning Research, , (in press); Alloway, 
T.P., Alloway, R.G., Jungle memory training program (2008), Edinburgh, United 
Kingdom: MemosyneAlloway, T.P., Gathercole, S.E., Kirkwood, H., Elliot, J. 
Simon, S.S., Tusch, E.S., Feng, N.C., Håkansson, K., Mohammed, A.H., Daffner, K.R., 2018. 
Is computerized working memory training effective in healthy older adults? Evidence 
from a multi-site, randomized controlled trial. J. Alzheimer’s Dis. 
https://doi.org/10.3233/JAD-180455 
Stepankova, H., Lukavsky, J., Buschkuehl, M., Kopecek, M., Ripova, D., Jaeggi, S.M., 2014. 













study in older adults. Dev. Psychol. 50, 1049–1059. https://doi.org/10.1037/a0034913 
Sterne, J.A., Egger, M., Moher, D., 2008. Addressing Reporting Biases, in: Cochrane 
Handbook for Systematic Reviews of Interventions: Cochrane Book Series. pp. 297–333. 
https://doi.org/10.1002/9780470712184.ch10 
Sterne, J.A.C., Sutton, A.J., Ioannidis, J.P.A., Terrin, N., Jones, D.R., Lau, J., Carpenter, J., 
Rücker, G., Harbord, R.M., Schmid, C.H., Tetzlaff, J., Deeks, J.J., Peters, J., Macaskill, 
P., Schwarzer, G., Duval, S., Altman, D.G., Moher, D., Higgins, J.P.T., 2011. 
Recommendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. BMJ 343, d4002. 
https://doi.org/10.1136/bmj.d4002 
Takeuchi, H., Taki, Y., Nouchi, R., Hashizume, H., Sekiguchi, A., Kotozaki, Y., Nakagawa, 
S., Miyauchi, C.M., Sassa, Y., Kawashima, R., 2014. Working memory training 
improves emotional states of healthy individuals. Front. Syst. Neurosci. 8, 200. 
https://doi.org/10.3389/fnsys.2014.00200 
Takeuchi, H., Taki, Y., Nouchi, R., Hashizume, H., Sekiguchi, A., Kotozaki, Y., Nakagawa, 
S., Miyauchi, C.M., Sassa, Y., Kawashima, R., 2013. Effects of working memory 
training on functional connectivity and cerebral blood flow during rest. Cortex 49, 2106–
2125. https://doi.org/10.1016/j.cortex.2012.09.007 
Tanner-Smith, E.E., Tipton, E., Polanin, J.R., 2016. Handling Complex Meta-analytic Data 
Structures Using Robust Variance Estimates: a Tutorial in R. J. Dev. Life-Course 
Criminol. 2, 85–112. https://doi.org/10.1007/s40865-016-0026-5 
Teixeira-Santos, A.. A.C., Nafee, T., Sampaio, A., Leite, J., Carvalho, S., 2015. Effects of 
transcranial direct current stimulation on working memory in healthy older adults: a 
systematic review. PPCR 1(3), 73–81. 
Tkatch, R., Musich, S., MacLeod, S., Alsgaard, K., Hawkins, K., Yeh, C.S., 2016. Population 














Toril, P., Reales, J.M., Ballesteros, S., 2014. Video game training enhances cognition of older 
adults: A meta-analytic study. Psychol. Aging. https://doi.org/10.1037/a0037507 
United Nations, Department of Economic and Social Affairs, P.D., 2017. World Population 
Ageing 2017. United Nations 124. https://doi.org/ST/ESA/SER.A/348 
Unsworth, N., Heitz, R.P., Engle, R.W., 2005. Working Memory Capacity in Hot and Cold 
Cognition, in: Cognitive Limitations in Aging and Psychopathology. pp. 19–43. 
https://doi.org/10.1017/CBO9780511720413.003 
Van den Noortgate, W., JA, L.-L., F, M.-M., J., S.-M., 2013. Three-level meta-analysis of 
dependent effect sizes. Behav. Res. Methods 45, 576–594. 
https://doi.org/10.3758/s13428-012-0261-6 
Verhaeghen, P., Marcoen, A., Goossens, L., 1992. Improving memory performance in the 
aged through mnemonic training: A meta-analytic study. Psychol. Aging 7, 242–251. 
https://doi.org/10.1037/0882-7974.8.3.338 
Viechtbauer, W., 2010. Conducting Meta-Analyses in R with the metafor Package. J. Stat. 
Softw. 36, 1–48. https://doi.org/10.1103/PhysRevB.91.121108 
Viswanathan, M., Patnode, C.D., Berkman, N.D., Bass, E.B., Chang, S., Hartling, L., Murad, 
M.H., Treadwell, J.R., Kane, R.L., 2008. Assessing the Risk of Bias in Systematic 
Reviews of Health Care Interventions, Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews. Agency for Healthcare Research and Quality (US). 
von Bastian, C.C., Eschen, A., 2016. Does working memory training have to be adaptive? 
Psychol. Res. 80, 181–194. https://doi.org/10.1007/s00426-015-0655-z 
von Bastian, C.C., Langer, N., Jäncke, L., Oberauer, K., 2013. Effects of working memory 
training in young and old adults. Mem. Cognit. 41, 611–24. 
https://doi.org/10.3758/s13421-012-0280-7 













a review. Psychol. Res. 1–18. https://doi.org/10.1007/s00426-013-0524-6 
Wayne, R. V., Hamilton, C., Huyck, J.J., Johnsrude, I.S., 2016. Working memory training and 
speech in noise comprehension in older adults. Front. Aging Neurosci. 
https://doi.org/10.3389/fnagi.2016.00049 
Weicker, J., Hudl, N., Frisch, S., Lepsien, J., Mueller, K., Villringer, A., Thöne-Otto, A., 
2018. WOME: Theory-Based Working Memory Training — A Placebo-Controlled, 
Double-Blind Evaluation in Older Adults. Front. Aging Neurosci. 10, 247. 
https://doi.org/10.3389/fnagi.2018.00247 
Weicker, J., Villringer, A., Thöne-Otto, A., 2016. Can impaired working memory functioning 
be improved by training? A meta-analysis with a special focus on brain injured patients. 
Neuropsychology 30, 190–212. https://doi.org/10.1037/neu0000227 
West, R., 1999. Visual distraction, working memory, and aging. Mem. Cogn. 
https://doi.org/10.3758/BF03201235 
Wickstrom, G., Bendix, T., 2000. The ″Hawthorne effect″ - What did the original Hawthorne 
studies actually show? Scand. J. Work. Environ. Heal. https://doi.org/10.5271/sjweh.555 
Xin, Z., Lai, Z.R., Li, F., Maes, J.H.R., 2014. Near- and far-transfer effects of working 
memory updating training in elderly adults. Appl. Cogn. Psychol. 28, 403–408. 
https://doi.org/10.1002/acp.3011 
Zając-Lamparska, L., Trempała, J., 2016. Effects of working memory and attentional control 
training and their transfer onto fluid intelligence in early and late adulthood. Heal. 
Psychol. Rep. https://doi.org/10.5114/hpr.2016.56846 
Zhou, X., Ye, Y., Tang, G., Wu, F., 2017. “Small-study effects” in meta-analysis should not 
be ignored. J. Crit. Care 39, 283–284. https://doi.org/10.1016/j.jcrc.2017.01.013 
Zinke, K., Zeintl, M., Eschen, A., Herzog, C., Kliegel, M., 2011. Potentials and limits of 














Zinke, K., Zeintl, M., Rose, N.S., Putzmann, J., Pydde, A., Kliegel, M., 2014. Working 
memory training and transfer in older adults: Effects of age, baseline performance, and 
training gains. Dev. Psychol. https://doi.org/10.1037/a0032982 
 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
